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ABSTRACT
Background: Disorders of serum sodium concentration are some of the most electrolyte abnormalities in the intensive care unit (ICU) 
patients. These disorders adversely affect the function of vital organs and are associated with increased hospital mortality. Purpose: In 
the present study we aimed to evaluate the effects of serum sodium concentration abnormalities at the time of hospital admission on the 
clinical outcome of therapy in a cohort of critically ill poisoned patients. Methods: In this cross-sectional study, 184 critically ill poisoned 
patients aged >18 years and in the first 8 hours of their poisoning, hospitalized in the ICU of a tertiary care university hospital (Isfahan, 
Iran) between 2010-2012, were evaluated at the admission time and 24 hours later for serum sodium concentration abnormalities and its 
relationship with age, gender, consciousness status, ingested drugs and clinical outcome of therapy. The clinical outcome was considered 
as recovery and mortality. Logistic Regression analysis was performed for predictive variables including serum sodium concentration 
abnormalities in patients’ clinical outcome. Findings: On admission, 152 patients (82.6%) were eunatremic, 21 patients (11.4%) were 
hyponatremic and 11 patients (6%) were hypernatremic. In the second day eunatremia, hyponatremia and hypernatremia was observed 
in 84.4%, 13% and 2.2% respectively. Age (OR=1.92; CI=1.18-3.12) and severity of toxicity (OR=1.32; CI=1.12-2.41) were predicting factors 
of mortality in ICU poisoning patients. Conclusions: Serum sodium concentration abnormalities are prevalent in critically ill poisoned 
patient but do not seem to have a predictive value for the clinical outcome of therapy.
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1. INTRODUCTION
Disorders of serum sodium concentration are some 
of the most electrolyte abnormalities in critically ill poi-
soned patients (1). These disorders adversely affect the 
function of vital organs and are associated with increased 
hospital mortality (2).
Hyponatremia is caused by sodium loss or water reten-
tion (due to congestive heart failure, inadequate secretion 
of antidiuretic hormone, polydipsia, renal failure and liver 
failure) or both of them (3). Hyponatremia may present 
with decrease of blood osmolality, muscle cramp, fatigue, 
nausea, vomiting, and spasm and headache. Signs and 
symptoms related to brain edema include convulsion, 
delusion, loss of consciousness and coma (4). Hyperna-
tremia is another electrolyte abnormality with less prev-
alence than hyponatremia (5). This disorder is caused by 
water loss from kidney or GI, thirst disturbance and inap-
propriate treatment with hypertonic liquids or diuretics 
(6, 7). This disorder occurs in 6-26% of patients in hos-
pitalization period in ICU and associates with increased 
mortality (8, 9).
Both hypo and hypernatremia are also seen in poisoned 
patients (10). Toxicity with cathartics, lithium, sodium 
chloride, sodium bicarbonate and sodium valproate cause 
hypernatremia (11-13). Hypernatremia also has been re-
ported on poisoning with chlorpropamide, ecstasy, phe-
nothiazines and amitriptyline (12, 14, and 15). Consump-
tion of drugs such trazodon and ecstasy are associated 
with hyponatremia with their effect on antidiuretic hor-
mone (16, 17).
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Studies about possible related factors with serum sodi-
um concentration abnormalities in poisonings are limit-
ed. Rosenson and coworkers in evaluation of 1436 case 
of ecstasy poisoning found that hyponatremia is more 
common in females (16). Carbamazepine also can causes 
hyponatremia, although its effect is weak alone and fac-
tors such as age (more than 40 years), surgery and men-
struation are related with increasing in its prevalence (18).
Some studies have been previously done on serum so-
dium concentration abnormalities in the intensive care 
unit (ICU) patients with other etiologies (1, 2, 19-22), but 
study of these abnormalities and their effect on prognosis 
in poisoned patients have not been done. Poisoned pa-
tients don’t have underlying disease mostly. In addition to 
kind of ingested drugs, factors such as vomiting, gastric 
lavage and treatment (alkaline diuresis) are also import-
ant in occurrence of serum sodium concentration disor-
ders. The aim of present study was evaluation of the effect 
of serum sodium concentration abnormalities at the time 
of hospital admission on the clinical outcome of therapy 
in a cohort of critically ill poisoned patients in a tertiary 
care referral university hospital in Iran.
2. MATERIALS AND METHODS
This cross-sectional study was done in the department 
of toxicological emergencies of Noor and Ali-Asghar 
[PBUH] University hospital affiliated to the Isfahan Uni-
versity of Medical Sciences, Isfahan from September 2010 
to June 2012. This center which is the major referral med-
ical center for toxicological emergencies for the central 
part of Iran, is facilitated, staffed and designed for the 
management of poisoned patients and approximately 400 
poisoned patients are admitted to it monthly.
The study protocol was approved by the institutional 
board of human studies at Isfahan University of Medical 
Sciences. In addition, after the study was accurately ex-
plained to each patient, informed consent was taken from 
them for inclusion to this study. If the patient was not able 
or had not the capacity for decision making, informed 
consent for inclusion to this study were taken from the 
patients’ first degree family.
All patients aged more than 18 years old admitted in 
the first 8 hour of poisoning during the time period of the 
study were recruited. Patients with SIADH or cancer and 
patients whom were referred from other hospitals to our 
center were not included in the study.
On ICU admission, venous blood sampling was taken 
for determining sodium level and also 24 hours later as 
well as other routine para-clinical tests. Vital signs and 
clinical manifestations were recorded for all patients. 
Age, ingested drugs, vomiting after poisoning, perform-
ing gastric lavage/ charcoal administration, alkaline di-
uresis , poisoning severity score (23), and consciousness 
status were investigated and recorded at the time of ICU 
admission as well. Outcome of patients were considered 
as recovery or death.
Patients were categorized in three groups based on 
their serum sodium level at the time of ICU admission (1) 
as: 1.hyponatremic: Na<135meq/L 2.eunatremic: 135< Na 
< 145 3.hypernatremic: Na > 145meq/L.
Statistical analysis of data was performed by chi-square 
or fisher exact test for comparing of serum sodium con-
centration abnormalities based on age, sex, and vomiting 
after poisoning. Wilcoxon signed ranks was used to com-
pare serum sodium level on admission day and 24 hours 
later.
Also logistic regression analysis was used for investigat-
ing role of different variables on patients’ outcome. P val-
ue less than 0.05 was considered as statistically significant 
difference between groups. All analyses were performed 
by SPSS 16 (SPSS Inc., Chicago, IL, USA).
3. RESULTS
According to the inclusion criteria, 184 patients were 
completely evaluated. Patients aged from 18 to 90 years 
(mean SD: 33.514.3). 51.1% of the patients were male. 
The most common cause of poisoning was opiate toxicity 
(25%). (Table1).
Mean serum sodium level was 138.1 (SD=14.9) on ad-
mission. 82.6% patients were eunatremic, 11.4% hypona-
tremic and 6% hypernatremic. 24 hours after admission, 
mean serum sodium level was 135.2 (SD=14.3) with prev-
alence of eunatremia 84.4%, hypernatremia 2.2% and hy-
ponatremia 13%. Although there was a statistically signif-
icant difference between mean sodium value on first and 
second admission day (P value<0.001) the frequency of 
sodium concentration status (hyponatremia, hypernatre-
mia and eunatremia) were not significantly different on 
different days (p=0.47).
There were no statistically significant difference be-
tween the frequency of serum sodium concentration ab-
normalities on the first and second day between men and 
women (p>0.05). Patients were categorized in four age 
groups (25, 26-35, 36-45,>45 years) for sub analysis and 
there was no significant difference in the frequency of se-
rum sodium concentration abnormalities on the first and 
second day in these age groups (p>0.05).
Table 2 has illustrated sodium concentration status 
based on the ingested drugs, severity of toxicity, level of 
consciousness, vomiting after toxicity, alkaline diuresis 
and gastric lavage. There was no statistically significant 
difference on the first and second measurements in these 
groups (p>0.05).
From 184 patients in poisoning ICU, 24 patients (13%) 
were died. In this population 5 (20.8%) were hyponatre-
mic, 3 (12.5%) hypernatremic and 16 (66.7%) eunatremic. 
Variable Number (%)
Age (year)
 ≤ 25 55 (29.9)
26-34 76 (41.3)
35-44 20 (10.9)









Table 1. Clinical and demographic characteristics of the studied 
patients at the time of admission (n=184)
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There was a statically significant difference in mortality 
based on the ingested drugs (p=0.004).
Outcome was considered as recovery and death. In lo-
gistic regression analysis, age (OR=1.92 ; CI=1.18-3.12 ) 
and severity of toxicity (mild, moderate, and severe based 
on poisoning severity score) (OR=1.32 ; CI=1.12-2.41) 
were predictors of mortality. (Table 3)
4. DISCUSSION
In this study we have evaluated the effect of serum sodi-
um concentration abnormalities on the outcome of thera-
py in critically ill poisoned patients in the first and second 
days of hospitalization. Frequency of hyponatremia and 
hypernatremia were 11.4% and 6% respectively on admis-
sion that hypernatremia decreases to 2.2% in the second 
day. Serum level of sodium in ICU patients has been re-
ported differently in previous studies with different caus-
es of hospitalization. Stelfox and his colleagues studied 
sodium level in post cardiac surgery ICU patients. In their 
study prevalence of hyponatremia was 12% and hyperna-
tremia was 4% (24). The frequency of occurrence of hy-
pernatremia in ICU patients was also 5.7% in a study by 
Polderman (20). Aiyagari evaluated patients of neurologic 
ICU and the frequency of hypernatremia was 7.9% (25). In 
another research was done in France, hyponatremia has 
seen in 14% of ICU patients (26%). However, in another 
study investigated ICU patients, frequency of hyponatre-
mia and hypernatremia was 60.5% and 39.5% respectively 
(27). These differences may be due to the various etiology 
and clinical status of critically ill patients hospitalized in 
different types of ICUs. We studied only poisoning cases 
while the others determined serum sodium level abnor-
malities in all patients hospitalized in ICU with different 
reasons. Hyponatremia occurs due to water retention in 
dysfunction of organs such as kidney (3) and commonly 
may be seen in up to 30-40% of ICU patients (28). mean-
while underlying kidney and liver diseases are not com-
mon in critically ill poisoned ICU patients and altered 
electrolyte balance due to toxicity are usually transient. 
Hence the prevalence of serum sodium concentration ab-
normalities in this group of patients may be anticipated 
less than others.
In our study, there was not any statistical difference in 
the frequency of serum sodium concentration abnormal-
ities based on age and gender or their subgroups. Howev-
er, in an Austrian study on ICU patients for 10 years, it is 
reported that older age and male gender in patients with 
serum sodium concentration abnormalities were risk fac-
tors for increased mortality (2). We also found age as a 
predicting factor in mortality in ICU poisoning patients.
The highest mortality rates were in critically patients 
with herbicide and opiate toxicity. Herbicide toxicity has 
been associated with higher mortality rates in other stud-
ies as well (29, 30). Increased mortality in opiate toxicity 
may be due to the respiratory insufficiency which is previ-
ously been described elsewhere (31-35). This is while the 
statistical analysis of our results does not support that the 
type of the ingested drug is a predictive factor in mortality 
of our critically ill poisoned patients.
In our study age and severity of toxicity were predictors 
of mortality for the poisoned ICU patients which is con-
sistent with a previous Turkish report in a quite similar 
medical setting (36).
Although many studies have confirmed increased mor-
tality in critically ICU patients with hypernatremia (9, 37) 
in our study serum sodium concentration abnormalities 
were not related to increased mortality of the patients. It 
may be due to the differences in demographic and clinical 
characteristics of our cases. Usually most of the poison-
ing cases have not previous history of underlying diseases 
such as kidney and liver disease and the effects of toxin 
in these organs are temporary which could be managed 
successfully.
Our findings showed that serum sodium concentra-
tion abnormalities do not seem to be predictive factors 
for mortality and clinical outcome of therapy in our study 










≤ 25 4(19%) 47(31.1%) 4(36.4%)
0.17
26-34 7(33.3%) 66(43.7%) 2(18.2%)
35-44 3(14.2%) 16(10.6%) 1(9.1%)
≥ 45 7(33.3%) 22(14.6%) 4(36.4%)
gender
male 10(48%) 79(52%) 5(45.5%)
0.87
female 11(52%) 73(48%) 6(54.5%)
Ingested 
drugs
Opioids 6(28.6%) 38(25.2%) 2(18.2%)
0.82
Psychiatric drugs 7(33.3%) 42(27.8%) 2(18.2%)
Anticonvulsant 1(4.8%) 12(7.9%) 1(9.1%)
insecticide and her-
bicide 4(19%) 21(13.9%) 3(27.3%)
Combination of 




mild 4(19%) 33(21.7%) 2(18.2%)
0.37moderate 7(33.3%) 54(35.5%) 1(9.1%)





alert 5(23.8%) 17(11.2%) 2(18.2%)
0.12
lethargic 5(23.85) 34(22.4%) 0(0%)
stupor 0(0%) 26(17.1%) 1(9.1)





lavage 7(33.3%) 38(25.2%) 3(30%)
0.98
Gastric lavage 6(28.6%) 43(28.5%) 2(20%)
Gastric lavage+ 
charcoal 8(38.1%) 65(43%) 5(50%)
Charcoal only 0(0%) 0(0%) 2(20%)
Vomiting 
Yes 3(15%) 30(19.9%) 5(38.4%)
0.71
No 17(85%) 121(80.1%) 8(61.6%)
alkaline 
diuresis
Yes 8(38.1%) 43(28.3%) 4(36.4)
0.68
No 13(61.9%) 109(71.7%) 7(63.3)
Table 2. Serum Sodium (Na+) concentration status based on clin-
ical and demographic characteristics of patients (n=184). Results 
are presented as frequency of patients (and percent).
Variables OR 95% CI P value
Age 1.92 1.18-3.12 0.008
Ingested drugs 0.93 0.79-1.06 0.276
Poisoning Severity 1.32 1.12-2.41 0.024
Gastric lavage 1.03 0.57-1.85 0.92
Level of Consciousness 1.54 0.25-1.15 0.11
Serum Sodium concentration  
status 1.03 0.92-1.51 0.57
Table 3. Predicting factors for patients’ outcome (n=184)
Is Admission Serum Sodium Concentration a Clinical Predictor for the Outcome of Therapy in Critically Ill Poisoned Patients?
243Med Arh. 2015 Aug; 69(4): 240-243
Acknowledgments
This study is the result of a Doctor of Medicine thesis proj-
ect which was financially supported by the vice-chancellery for 
research and technology of the Isfahan University of Medical 
Sciences. Authors would like to thank all personnel of the poi-
soning emergency room of the Noor and Ali-Asghar [PBUH] 
university hospital for their sincere help.
Authors’ contribution
AMS, NEM , FS and AY contributed in designing and 
conducting the study. HH collected the data. ZF, helped 
in data analysis. NEM and AMS rechecked the statistical 
analysis and prepared the manuscript. All authors have 
assisted in preparation of the manuscript and have read 
and approved the content of the manuscript and are ac-
countable for all aspects of the work.
CONFLICT OF INTEREST: NONE DECLARED.
REFERENCES
1.  Pokaharel M, Block CA. Dysnatremia in the ICU. Current Opin-
ion in Critical Care. 2011; 17(6): 581.
2.  Funk GC, Lindner G, Druml W, Metnitz B, Schwarz C, Bauer P, 
et al. Incidence and prognosis of dysnatremias present on ICU 
admission. Intensive care medicine. 2010; 36(2): 304-311.
3.  Adrogué HJ, Madias NE. Hyponatremia. New England Journal 
of Medicine. 2000; 342(21): 1581-1589.
4.  Arampatzis S, Frauchiger B, Fiedler GM, Leichtle AB, Buhl D, 
Schwarz C, et al. Characteristics, Symptoms, and Outcome of 
Severe Dysnatremias Present on Hospital Admission. The Amer-
ican Journal of Medicine. 2012.
5.  Fried LF, Palevsky PM. Hyponatremia and hypernatremia. Med-
ical Clinics of North America. 1997; 81(3): 585-609.
6.  Halperin ML, Cherney DZI, Spital A, Adrogué HJ, Madias NE. 
Hypernatremia. New England Journal of Medicine. 2000; 343(11): 
817-818.
7.  Al-Absi A, Gosmanova EO, Wall BM. A Clinical Approach to 
the Treatment of Chronic Hypernatremia. American Journal of 
Kidney Diseases. 2012.
8.  Maggiore U, Picetti E, Antonucci E, ParentiE, Regolisti G, Mer-
goni M, et al. The relation between the incidence of hypernatre-
mia and mortality in patients with severe traumatic brain injury. 
Critical Care. 2009; 13(4): R110.
9.  Lindner G, Funk GC, Schwarz C, Kneidinger N, Kaider A, 
Schneeweiss B, et al. Hypernatremia in the critically ill is an in-
dependent risk factor for mortality. American journal of kidney 
diseases: the official journal of the National Kidney Foundation. 
2007; 50(6): 952.
10.  Olson KR, Comprehensive Evaluation and Treatment (part 1), 
in Olson KR, Anderson IB. Poisoning & drug overdose: Apple-
ton & Lange Stamford, CT; 1999: 22.
11.  Popescu IM, Bourgeois JA. Persistent lithium-induced neuro-
toxicity: direct effect of lithium and/or hypernatremia? Jeffer-
son Journal of Psychiatry. 2009; 22(1): 3.
12.  Liamis G, Milionis HJ, Elisaf M. A review of drug-induced hy-
pernatraemia. NDT Plus. 2009; 2(5): 339-346.
13.  Peskind ER, Jensen CF, Pascualy M, Tsuang D, Cowley D, Mar-
tin DC, et al. Sodium lactate and hypertonic sodium chloride in-
duce equivalent panic incidence, panic symptoms, and hyper-
natremia in panic disorder. Biological psychiatry. 1998; 44(10): 
1007-1016.
14.  SIADH DTCC. Hyponatremia and hypernatremia in the elderly. 
Am Fam Physician. 2000; 61(12): 3623-3630.
15.  Buckley MS, LeBlanc JM, Cawley MJ. Electrolyte disturbances 
associated with commonly prescribed medications in the inten-
sive care unit. Critical care medicine. 2010; 38: S253.
16.  Rosenson J, Smollin C, Sporer KA, Blanc P, Olson KR. Patterns of 
ecstasy-associated hyponatremia in California. Annals of emer-
gency medicine. 2007; 49(2): 164-171. 
17.  Budisavljevic MN, Stewart L, Sahn SA, Ploth DW. Hyponatre-
mia associated with 3, 4-methylenedioxymethylamphetamine 
(“Ecstasy”) abuse. The American journal of the medical sciences. 
2003; 326(2): 89-93.
18.  Lin CH, Lu CH, Wang FJ, Tsai MH, Chang WN, Tsai NW, et al. 
Risk factors of oxcarbazepine-induced hyponatremia in patients 
with epilepsy. Clinical neuropharmacology. 2010; 33(6): 293.
19.  Moritza ML, Ayusb JC. Dysnatremias in the critical care setting. 
Sepsis, Kidney and Multiple Organ Dysfunction. 2004; 144: 132-
157.
20.  Polderman KH, Schreuder WO, van Schijndel RJMS, Thijs LG. 
Hypernatremia in the intensive care unit: an indicator of qual-
ity of care? Critical care medicine. 1999; 27(6): 1105-1108.
21.  Rosner MH, Ronco C. Dysnatremias in the intensive care unit. 
Contributions to nephrology, 2010. 165: 292-298.
22.  Stelfox HT, Ahmed SB, Khandwala F, Zygun D, Shahpori R, Lau-
pland K. The epidemiology of intensive care unit-acquired hy-
ponatraemia and hypernatraemia in medical-surgical intensive 
care units. Critical Care. 2008; 12(6): R162.
23.  Persson HE, Sjöberg GK, Haines JA, de Garbino JP. Poisoning 
severity score. Grading of acute poisoning. Clinical Toxicology. 
1998; 36(3): 205-213.
24.  Stelfox HT, Ahmed SB, Zygun D, Khandwala F, Laupland K. 
Characterization of intensive care unit acquired hyponatremia 
and hypernatremiafollowing cardiac surgery. Canadian Journal 
of Anesthesia/Journal canadien d’anesthésie. 2010; 57(7): 650-
658.
25.  Aiyagari V, Deibert E, Diringer MN. Hypernatremia in the neu-
rologic intensive care unit: how high is too high? Journal of crit-
ical care. 2006; 21(2): 163-172.
26.  Bennani S, Abouqal R, Zeggwagh A, Madani N, Abidi K, Ze-
kraoui A, et al. [Incidence, causes and prognostic factors of hy-
ponatremia in intensive care]. La Revue de medecine interne/
fondee par la Societe nationale francaise de medecine interne. 
2003; 24(4): 224.
27.  Mokhtari1 M, koochak M, Goharani2 R, Miri1 M, Eghtesadi Ara-
ghi2 P. Frequency of Hyper- and Hypo-natremia in Patients ad-
mitted in the ICU & comparison of their association with mor-
tality. Pejouhesh. 2010; 33(3): 183-188.
28.  Sedlacek M, Schoolwerth AC, Remillard BD, editors. Critical 
Care issues for the Nephrologist: Electrolyte Disturbances in 
the Intensive Care Unit. 2006: Wiley Online Library.
29.  Jalali N, Pajoumand A, Abdollahi M, Shadnia S. Epidemiologi-
cal survey of poisoning mortality in Tehran during 1997-1998. 
Toxicol Lett. 2000; 116(Suppl 1): 84.
30.  Moghadamnia A, Abdoilahi M. An epidemiological study of poi-
soning in northern lslamic. Eastern Mediterranean Health Jour-
nal. 2002; 8(1): 88-94.
31.  Warner M, Chen LH, Makuc DM. Increase in fatal poisonings 
involving opioid analgesics in the United States, 1999-2006: US 
Department of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Health Statistics; 
2009.
32. Hoppe-Roberts JM, Lloyd LM, Chyka PA. Poisoning mortality in 
the United States: comparison of national mortality statistics 
and poison control center reports. Annals of emergency medi-
cine. 2000; 35(5): 440-448.
33.  Paulozzi LJ, Ryan GW. Opioid analgesics and rates of fatal drug 
poisoning in the United States. American journal of preventive 
medicine. 2006; 31(6): 506.
34.  Paulozzi LJ, Xi Y. Recent changes in drug poisoning mortality in 
the United States by urban–rural status and by drug type. Phar-
macoepidemiology and drug safety. 2008; 17(10): 997-1005.
35. Paulozzi LJ, Budnitz DS, Xi Y. Increasing deaths from opioid an-
algesics in the United States. Pharmacoepidemiology and drug 
safety. 2006; 15(9): 618-627.
36.  Seydaoglu G, Satar S, Alparslan N. Frequency and mortality risk 
factors of acute adult poisoning in Adana, Turkey, 1997-2002. The 
Mount Sinai journal of medicine, New York. 2005; 72(6): 393.
37.  Sterns RH. Hypernatremia in the intensive care unit: Instant 
quality-just add water. Critical care medicine. 1999; 27(6): 1041-
1042.
